Ehrlich ascites tumor cells adapted to serial cultivation in vitro in media with increased NaCl content ("high-salt"-tolerant cells) exhibit -in comparison with cells cultivated either in isotonic media or intraperitoneally in mice (in vivo) -an increased rate of cellular oxygen consumption. It is suggested that this increased respiratory rate of "high-salt"-tolerant cells reflects enhanced energy requirements associated with processes of active ion transport; and that the elevated environmental NaCl concentration may have "induced" a "step up" of the respiratory metabolism of these tumor cells.
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Active cation transport across cell membranes and thus the maintenance of ionic concentration gradients between intra-and extracellular environment depend on an adequate supply of energy from metabolism. It is well documented that the cell derives this metabolic energy in the form of adenosine triphosphate (ATP) from respiration or (and) glycolysis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] . Therefore, the rate of production and supply of ATP through respiratory or (and) glycolytic pathways might be a decisive factor that determines the rate of active cation transport. On the other side, there is considerable evidence that actually the rate of active transport of Na + and K + regulates, at least partially, the glycolytic and respiratory rate in several tissues 14 ' 20 .
The establishment of sublines of Ehrlich ascites tumor cells in media with differentially increased (hypertonic) NaCl content has been described elsewhere [21] [22] [23] . The progressively increased NaCl level in the culture medium of these "high-salt"-tolerant cells has resulted in alterations of growth-rate 21_23 , enzyme pattern 24 , macromolecular synthesis 21_23 , and in progressively enhanced activities of cellular adenosine triphosphatase (ATPase), Na + -K + -ATPase (EC 3.6.1.3.) thereby being predominantly affected 25 . This adaptive elevation of cellular ATPase activities indicating an enhanced cellular ATP breakdown has been interpreted 25 increased rate of active sodium transport in the presence of an elevated NaCl environment. Thus, these cultures of "high-salt"-tolerant cells afford a system of genetically homogeneous, living and proliferating cell populations in which problems of energy metabolism in response to the altered ionic environment can be studied under controlled "in vitro" conditions.
The purpose of the present study is a comparative analysis of the rate of oxygen consumption by Ehrlich ascites tumor cells serially cultivated either in isotonic or in hypertonic ("high-salt") media. In addition, measurements of oxygen consumption were carried out with "in vivo cells", derived from the ascites fluid of mice after intraperitoneal injection and multiplication of "in vitro cells". Since the cells employed in these studies are living tumor cells which show even under aerobic conditions a high rate of glycolysis and an "impaired" respiration [27] [28] [29] , possible effects of a "high-salt" environment on the respiratory rate of these cells could be of particular interest.
Material and Methods
Cell cultures: Essentially the same cells, media and methods were used as described previously 22 ' 25 . The "high-salt"-tolerant cultures were subcultivated at least 10 times in their respective "high-salt" media before being used in the present experiments.
The last medium renewal (15 ml per culture; 37 °C) together with gassing (20% 02, 73% N2 and 7% C02) was performed one to two hours before the incubation was terminated. The cells were harvested by mechanical dislodging ("rubber policeman") from the glass sur-face. An aliquot of the cell-suspension was used for cell-counting, another aliquot for protein-determination. A third aliquot containing ca. 3 x 10 6 cells was centrifuged (2 min; ca. 1000 g), and the sediment was resuspended in 1 ml of Eagle's basal medium 80 supplemented with 10% fetal calf serum and antibiotics (100 U penicillin and 100 jug streptomycin per ml) [EBM] . The salt concentration of the "high-salt" media was appropriately adjusted. The cell suspension kept in a stoppered centrifuge-tube containing an atmosphere of 20% 02, 73% N2 and 7% C02 was immediately transferred to a 1 ml chamber containing the oxygen-electrode.
In vivo Ehrlich ascites tumor cells were obtained 5 -7 days after intraperitoneal injection (CBA-mice; <3; ca. 25 g) of 2 x 10 6 culture cells (derived from cultures with isotonic media) suspended in 0.5 ml of Eagle's basal medium. After surgical opening of the peritoneal cavity an aliquot of the ascites fluid (ca. 0.2 ml) was aspirated into 10 ml of EBM containing 10 IU heparin/ml. An aliquot of this cell suspension was used for cell-counting, another aliquot for proteindetermination. A third aliquot containing ca. 3 x 10 6 cells was centrifuged (2 min; ca. 1000 g) and the sediment resuspended in 1 ml of EBM. This cell suspension was immediately used for oxygen uptake and kept in the same way as the culture-cells (see under cell cultures).
Oxygen Consumption: Oxygen uptake of Ehrlich ascites tumor cell suspensions was measured by polarography under permanent magnetic stirring in an oxygen electrode apparatus using a water-jacketed (37 °C) 1 ml chamber equipped with a 15 jum (in diameter) platinelectrode S1 > 32 .
Cell-Counting: After mixing 0.8 ml of cell suspension with 0.2 ml of 0.4% trypan blue (in Hank's salt solution) the cells were immediately enumerated by microscopic examination in a hemacytometer chamber. At least 500 cells of each sample were counted. Cellular Protein Content: An aliquot of the respective cell-suspension containing between 2 and 5 x 10 6 cells was centrifuged for 2 min at 1000 g. After 2 washings with 10 ml of Earle's salt solution (the NaCl content of the "high-salt" wash fluids was appropriately adjusted) the protein content of the cell sediment was determined according to the modification of the Lowry method 33 described by Oyama and Eagle 34 , utilizing bovine serum albumin (Sigma Chemical Co.) as a standard. respiring "dead" cells and unstained, respiring live cells 35, 36 . The percentage of stained cells in these different cell populations was the following: in vivo cells = 2%; ED-0.15 = 5%; ED-0.30 = 30%; ED-0.35 = 49%. The increase in "stainability" of "high-salt" tolerant ED-0.30-cells and ED-0.35-cells is probably mainly a result of mechanical "injury" during the harvesting procedure, since this increase in staining occurs during resp. after the detachment of the monolayer cells from the glass surface of the culture vessels. It is likely that these "high-salt"-tolerant cells may be more easily "injured" during harvesting because of their fibroblast-like, flat and extended morphology, which is in contrast to the round, epithelial-like cell shape of ED-0.15-cells or in vivo-cells 21, 22 .
Results and Discussion
It is apparent from the results of Table 1 that Ehrlich ascites tumor cells propagated either in vivo or under isotonic culture conditions in vitro (ED-0.15-cells) showed about the same rate of oxygen consumption. The determined (Table 1 ) amount of oxygen uptake by in vivo cells (3.23 //1/10 6 cells/h resp. 10.75 //I/nig dry weight, the dry weight of in vivo cells amounts to ca. 300 //g/10 6 cells) corresponds rather well with the results of other authors 38_41 .
The results (Table 1 ) about oxygen uptake of in vitro cells cultured in isotonic media (3.12 //l O J, 10 6 ED-0.15-cells/h corresponding to 10.4 ju\/mg dry weight) are in general agreement with the respiratory rates determined for cultured Ehrlich asci-tes tumor cells 37 ' 41 and other cell populations (for review: I.e. 42 ).
In comparison with in vivo cells or ED-0.15-cells (cultured in isotonic media), cells adapted to growth in media with increased NaCl content show a significantly increased rate of oxygen uptake (Table 1) . Thus, "high-salt"-tolerant ED-0.30-cells have a ca. 2-fold and ED-0.35-cells a ca. 5-fold increase in the rate of cellular oxygen consumption (Table 1) .
This enhanced respiratory rate of "high-salt"-tolerant cells may be interpreted as an expression of enhanced energy requirements associated with active cation transport in the presence of the elevated extracellular salt milieu. This concept is supported by the finding of increased Na + -K + -ATPase activities in these cells 25 . The importance of metabolically derived ATP for the active movement of Na + and K + has been demonstrated in several investigations 14 a stimulated rate of sodium transport was paralleled by a stimulation in oxygen uptake 3_17 > 19 . Thus, besides the mammalian erythrocyte which derives the energy exclusively from glycolysis 2 , most tissues also depend to a great extent on respiration for the active transport of cations. The increased rates of oxygen uptake by these "high-salt"-tolerant tumor cells indicate a "step up" of their respiratory yield of energy during the process of adaptation to the "high-salt" milieu.
Since these "high-salt" tolerant cells appear to be larger in size and have an increased cellular protein content in comparison with ED-0.15 cells (cultured in isotonic media) or in vivo cells (Table 2) , the elevated oxygen consumption might be due, at least in part, to an increase in the number of mitochondria per cell. However, a higher mitochondrial activity of these "high-salt" tolerant cells should be mainly considered for explaining the increased oxygen uptake.
In conclusion, the progressive increase in the extracellular NaCl concentration has resulted in an increased respiratory rate of these "high-salt" tolerant cells and, as has been described elsewhere 21 ' 22 , in a decreased growth rate (increased population doubling time) suggesting that the alteration of the ionic environment may have "induced" adaptive metabolic changes which influence or control the energy metabolism and the growth rate of these tumor cells.
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